Background: Zirconia abutments are frequently used for implant-supported single crowns. Even
soft tissues was reported using zirconia ceramics. 10, 11 Moreover, the white color of zirconia abutments can reduce the discoloration of the peri-implant mucosa and, therefore, offer an esthetic benefit compared to titanium abutments. 3, 7 An experimental study, however, indicated that the use of white, rather opaque, zirconia as abutment material induced too much brightness onto the soft tissues. This resulted in suboptimal esthetic outcomes. 4 Various approaches were pursued in the past to further optimize the esthetic outcomes through modifications of zirconia abutments [12] [13] [14] [15] A retrospective study indicated that a fluorescent veneering ceramic covering the white zirconia abutments improved the esthetic outcome with respect to brightness. 16 According to this clinical study, the use of zirconia abutments with a high translucency appears to be beneficial in terms of esthetics as demonstrated by an increased brightness and lower L, a, and b values at the peri-implant mucosal margin compared to natural tooth sites. This has been further documented in a recent in vitro study. 17 In that study, various materials were evaluated for their influence on the discoloration of the mucosa. The use of a fluorescent zirconia material demonstrated to be the most promising material even in cases with a thin mucosa since an increased light transmission into the soft tissues might be expected and, compared to zirconia abutments, a reduced opacity. 16, 17 Clinical data for the use of fluorescent zirconia as an abutment material for dental implants is lacking. Moreover, the clinical and esthetic benefit compared to traditional white zirconia abutments remains unknown.
The aim of the present study was, therefore, to test whether or not a fluorescent zirconia abutment offers superior peri-implant soft tissue esthetics compared to a non-fluorescent zirconia abutment based on spectrophotometric evaluation of the soft tissue color differences.
| M AT E R I AL S A N D M E T H O D S

| Study design and subjects
This study was designed as a single center, controlled clinical trial.
Upon approval by the local ethics committee (Ref. KEK-ZH-Nr. 2013-431), 24 healthy patients were enrolled in the study. The number of patients was determined based on a previously published 5-year randomized controlled clinical trial with a similar analysis, but 2 different treatment modalities. 18 In the present study, a within-patient controlled design was chosen. Therefore, the subject number was reduced, yet, taking into account a 20% drop-out rate.
The following inclusion criteria were applied: patients with an age between 18 and 80 years; single-tooth two-piece implant with nonmatching implant abutment junction (Bone level implant, Institut Straumann AG, Basel, Switzerland) in the anterior maxilla or mandible (incisors, canines, premolars); at least one natural neighboring tooth present and, signed informed consent. The exclusion criteria were:
smoking more than 10 cigarettes a day, probing pocket depth values >3 mm, poor oral hygiene (plaque index >20%), signs of bruxism and pregnancy at the date of inclusion.
| Fabrication of reconstructions
For each implant site 2 zirconia abutments were made with the aid of a computer-assisted design/computer-assisted manufacturing (CAD/ CAM) procedure. The submucosal space for the veneering ceramic was defined by standardized reduction of the abutment design of 0.5 mm.
All reconstructions were made by one single dental technician (GV). All abutments (test and control) were directly veneered with fluorescent feldspathic veneering-ceramic (Creation ZI-CT, Creation Willi Geller
International GmbH, Meiningen, Austria). The veneering ceramic encompassed the entire crown, but did not extend more apically than 0.5 mm below the mucosal margin.
In the control group, the one-piece zirconia abutments (Cares abutment, Institut Straumann AG, Basel, Switzerland) were directly veneered resulting in a one-piece screw-retained implant crown. In the test group, the fluorescent zirconia abutment was directly veneered and then extra-orally cemented (Panavia 21®, Kuraray Medical Inc., Okayama, Japan) on a titanium base (Zirkon, Medentika Gmbh, H€ ugelsheim, Germany) resulting in a hybrid abutment screw-retained implant crown. 
| Clinical protocol
| Esthetic assessment
One blinded examiner performed all the measurements. A spectrophotometer (Spectroshade, MHT Optic Research AG, Niederhasli, Switzerland) was used to evaluate the influence of the reconstructions on the color of the peri-implant tissues. 12 Spectrophotometric assessments
were performed 1 mm below the gingival/mucosal margin at the implants site and the natural neighboring tooth site. The implant site and the neighboring tooth site were evaluated preceding the abutment try-in (without abutment; WA), after the abutment try-in (both treatment modalities; A), and after the final reconstruction try-in (both treatment modalities; C). All spectrophotometric measurements were made as soon as the ischemic area around the implant site disappeared. The data of each color measurement was expressed using the CIE-LAB parameters (Commission Internationale de l'Eclaire; L 5 lightness, a 5 chroma along red-green axis, b 5 chroma along yellow-blue axis).
All measurements were repeated 3 times and mean values calculated.
The differences (DL, Da, Db) were converted into the overall color difference DE using the following equation:
The calculated color differences (DE) for each group included:
1. Neighboring tooth (T) versus implant site without abutment (WA).
Neighboring tooth (T) versus implant site with abutments
(A Control /A Test ).
Neighboring tooth (T) versus implant site with final reconstruction
Moreover, color differences (DE) were calculated between test and control groups for:
1. Implant site with abutment versus without abutment (A Control / A Test vs. WA).
Implant site with control abutment (A Control ) versus test abutment
(A Test ).
3. Implant site with control final reconstruction (C Control ) versus test final reconstruction (C Test ).
In addition, the thickness of the mucosa at the implant site and the gingiva of contra-lateral tooth were assessed to the nearest 0.5 mm. For that purpose, an endodontic file with a rubber stop was used at a level 1 mm below the gingival/mucosal margin on the buccal side of the implant/tooth.
| Statistical analysis
For data description, mean and standard deviation, median, and quartiles for metric variables as well as frequencies and percentages for categorical parameters are presented. The mean, median, and standard deviation are mentioned in the text and the other measures in the tables. For the comparison of 2 groups, a nonparametric test was applied because of the small sample size. The Wilcoxon signed rank test was used for dependent groups and the Mann-Whitney test for independent groups, which compare medians. The assumptions of these tests were checked in the applications. Moreover, groups formed by the mucosal thickness with >2 mm and with less than 2 mm were compared. The level of significance was set at 5%.
| RE SULTS
In all 24 patients, the planned types of reconstruction were fabricated and esthetic analyses performed (Table 1) . 
| DISCUS SION
The present study demonstrated no statistically significant differences between fluorescent zirconia abutments cemented on titanium bases and non-fluorescent one-piece zirconia abutments in terms of periimplant soft tissue esthetics. In addition, if the thickness of the mucosa was taken into account, the one-piece zirconia abutment led to significantly improved esthetics at implant sites with a thin mucosa (<2 mm).
Zirconia abutments exhibit adequate mechanical strength and may serve as an alternative to metal abutments for specific clinical indications. [19] [20] [21] One has to bear in mind, though, that the stability of zirconia abutments is significantly influenced by the type of implantabutment connection. Laboratory studies indicated that, for implants with an internal implant-abutment connection, two-piece zirconia abutments with a secondary metallic coupling or a hybrid abutment for the internal connection exhibited a significantly higher strength than onepiece zirconia abutments. 19, 22 More recently, a pre-fabricated new titanium hybrid abutment, the titanium base, was introduced offering new restorative possibilities.
This new type of prosthetic implant component can be used as a support for custom-made implant abutments and/or crowns made by means of CAD/CAM technology out of various materials. After the fabrication and refinement, the CAD/CAM abutment or reconstruction is adhesively cemented onto the titanium base and the resulting restoration is screw-retained on the implant. Since this concept is rather versatile, all major implant manufacturers offer titanium bases and allow for the connection of different CAD/CAM components to the implants.
The titanium bases enable to connect an esthetic customized zirconia abutment to a stable titanium substructure and, thereby, to combine the esthetic benefits of ceramics with the stability of the metals. 23, 24 Esthetic benefits of the "conventional" white zirconia abutments compared to metal abutments include less discoloration of the periimplant soft tissues most specifically in situations with thin tissues. 25, 26 Still, even zirconia abutments may lead to a discoloration of the periimplant mucosa. It has been shown that the bright white zirconia increased the lightness of the soft tissues (higher L values) leading to a blenching of the peri-implant mucosa. This "discoloration" is less esthetically problematic than the grayish discoloration caused by the metal abutments. Still, further improvements of zirconia abutments are desirable in terms of esthetics.
In a laboratory study, a positive effect of fluorescent zirconia on the soft tissue color was reported. 27 The aim of the present study was, therefore, to combine the esthetic benefits of fluorescent zirconia abutments with the stability of a titanium base and compare the periimplant soft tissue color outcomes to the ones around "conventional"
non-fluorescent one-piece zirconia abutments. Within this investigation, the fluorescent zirconia abutments were combined with titanium hybrid abutments. Hybrid abutments exhibit superior mechanical properties 28 and may overcome limitations of one-piece zirconia abutments, For the present esthetic analysis, a well-documented spectrophotometer (Spectroshade, MHT) was used for the comparisons of the soft tissue color. The color parameters of the tested sites were measured and color differences DE were calculated. In order to determine whether or not the color differences were visible by the naked eye and in consequence clinically relevant previously published threshold values for the visibility of color differences (DE) by the naked human eye were applied as reference. 29 The threshold values, calculated for the perception of color changes of the human gingiva, ranged between DE 1.6 6 1.1 (dental technicians) and DE 3.4 6 1.9 (lay people) and were reported to have a mean DE of 3.1. 29 Hence, the mean DE threshold value of 3.1 was taken into account when analyzing color differences between different abutments.
The comparative analysis between the 2 groups at different stages (with abutment, with crown) in the present study demonstrated no significant differences between the groups. The fluorescent abutments, hence, did not exhibit esthetic advantages over the "conventional" white zirconia abutments. DE values varied less than 0.66 at the final crown insertion. Overall, the lack of significant spectrophotometric differences between groups has been reported earlier comparing metal abutments to zirconia abutments or different types of zirconia abutments. 7, 12, 14 Moreover, in the present study, DE values at crown insertion were 8.32
for test and 7.61 for control, resulting in a clinically visible difference for both groups compared to the contra-lateral natural tooth site.
Besides the implant. 10, 30 or abutment material, 25, 26 the thickness of the mucosa is reported to have a significant influence on the discoloration of the peri-implant mucosa. Yet, professionals like dentists (DE 2.7 6 1.0) and dental technicians (DE 1.6 6 1.1) may see the difference and, for this reason, might prefer the "conventional" one-piece zirconia abutment. Previously, a positive effect of fluorescence on spectrophotometric differences has been shown in 2 in vitro studies. 17, 27 These studies evaluated the effect of materials on the color of the mucosa by placing different fluorescent and non-fluorescent materials under soft tissue flaps with 1.5 mm thickness in pig jaws. Thereafter, the color of the soft tissue was measured. 27 Both studies reported favorable esthetic outcomes for the fluorescent materials. In a clinical study, zirconia abutments were veneered with a 2 mm-wide layer of fluorescent light orange dental ceramic. Subsequently, all-ceramic crowns were fabricated and cemented on top of the abutments. 16 The data demonstrated in 5 out of 12 cases, no differences of the peri-implant mucosal color compared to the natural gingiva around control teeth. In sites with minor differences of the cross section of the implant/titanium base and the tooth to be replaced, the thickness of the fluorescent zirconia abutment was limited through the standardized size of the screw access cylinder of the titanium base. In the present study, a translucent resin cement was used for the fixation of the fluorescent zirconia abutments to the titanium base. This cement was not able to masque the gray color of the metal. Opaque resin cements should be preferred in this specific indication to reduce the risk for discoloration.
The outcomes of the present study are limited to some extent by the study design. Since 2 types of abutment designs were used (hybrid vs. one-piece), the effect of fluorescence per se could not be assessed 
| CONCLUSIONS
The fluorescent hybrid zirconia abutment did not lead to a significant improvement of the esthetic outcomes compared to the "conventional"
non-fluorescent one-piece zirconia abutments based on all included patients and implant sites. In addition, in cases with a mucosal thickness of <2 mm, the "conventional" control group exhibited significantly better esthetics. The outcomes are limited to some extent by the fact that 2 types of abutment designs were used (hybrid vs. one-piece). The effect of fluorescence per se could not be assessed. 
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